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NORMAN E. KEMP (Brachet, '50; Grant, '53; Barth and Barth, '54) . The expectation that the concentration of radioactive glycine might be used to demonstrate the synthesis of yolk in the oocyte was borne out in an exploratory experiment (Kemp, '54, '55) . Further data on utilization of glycine by the enlarging ovary are included in this report, together with comparative data on incorporation of this amino acid into other organs of the female frog.
3TATRRIALS AND METIIODS
Forty-two adult female frogs, including 12 used in the exploratory experiment previously mentioned (Kemp, op. cit. ) , were injected intrapleuroperitorieally with glycine-2-C14 dissolved in distilled water. Fourteen received approximately 2 0~c and the remainder lope. After injection the animals were kept 1 to 5 days on wet paper toweling in individual gallon jars with screw-capped lids. At the time of sacrifice animals were removed from the jars with the right hand and wrapped in a dry paper towel held in the left hand to prevent escape ; then they were pithed. From the group of 12 anirrials used in the first experiment, samples of stomach, liver, intestine, kidney, ovary, lung, brain and heart (see Kemp, '55) were fixed in Bouin's fluid for sectioning. Duplicate samples of each organ (brain excepted), as well as samples of blood collected from the ventricle, were homogenized with 10% trichloracetic acid in a Ten Broeck grinder in order to precipitate proteins. The same procedure was followed for the remaining 30 animals injected during the summer of 1954 at the drgonne National Laboratory, except that the organs preserved or homogenized were stomach, liver, intestine, kidney, ovary, skin and gastrocnemius muscle. With the intent of obtaining successively older stages in growth of oocytes in the ovary, 7 animals in the 1954 series mere injected on June 25, 8 each on July 9 and July 23, and 7 on August 23. Later histological examination revealed that all of the June 25 group were in stage Yo (Kemp, '53 ) with respect to deposition of yolk in the oocytes; some in the July 9 and July 23 Purification of precipitated proteins was accomplished by the procedurc of Levine and Tarver ('50) as communicated by Doctor Levine, namely: (1) precipitate with 10% trichloracetic acid (TCA) and centrifuge; (2) wash with 5% TCA, resuspend and let stand; (3) heat at 90°C. in 5% TCA for 15 minutes to remove nucleic acids; (4) repeat heat treatment with 5% TCA f o r 5 minutes to remove all glycogen; ( 5 ) heat in 100% alcohol to boiling (785°C.) to remove lipids and water; (6) wash twice with a mixture of three parts 100% alcohol to one part ether to remove excess TCA; (7) wash with ether alone to remove alcohol; (8) remove ether in water bath at 40°C.; (9) dry in oven at 105°C. f o r two hours, then store in vial; (10) grind protein in agate mortar with plain ether; (11) pipette ground protein with petroleum ether into cylinder and platemaker, agitate and let settle evenly; (12) evaporate petroleum ether slowly under infra-red lamp ; (13) dry the plated sample at 105°C. for one and one-half hours to equilibrate before weighing? and determine the radioactivity. Samples were counted with a thin, end-window GeigerMuller tube (Tracerlab TGC-2) connected with a Raychronix 
RESULTS

Autoradiograms
Autoradiograms obtained from an example of each of the organs studied are shown in plate 1. It is at once apparent that marked localization of radioactivity occurred in certain organs. Mucosal epithelium of stomach and intestine (figs. 2 and 3) was particularly active, while the visceral muscle or connective tissue in these organs was only moderate or low in activity. Likewise, radioactivity was highly concentrated in the epidermal epithelium ( fig. 9 ) but only slightly in the connective tissue of the dermis. Liver, lung, kidney, heart, brain, and skeletal muscle ( -13) is not yet apparent. Unquestionably this peripheral zone of high radioactivity in oocytes synthesizing yolk means that synthetic activity is much greater here than in the interior of the cell. I t is significant that this region of high anabolic activity remains at the periphery even after the cytoplasm has become filled with yolk ( fig. 13) .
Radioactivity of isolated p r o t e i m
I n table 1 are recorded the specific activities of the proteins isolated from 30 animals injected in the summer of 1954. The stage of deposition of yolk is included (column 3) primarily f o r comparison with the counts on ovarian proteins. Examination of the table will reveal that counts made on animals injected with 20 pc are generally higher than for those receiving 10 gc, although the magnitude of the difference varies considerably. Because of the variable counts in different animals receiving the same dosage, an objective attempt was made to judge the relative order of radioactivity in each of the 7 organs here considered. This was done by listing for each organ its order of activity with respect to the order f o r other organs in the same animal. For example, in animal number 1, skin gave the highest count and accordingly was given a rating of 1. Stomacli with the lowest count in t.his animal rated a 7 . After these ratings had been assigned for all animals, those for a given organ were added and the sum divided by 30 to give an average rating. According to this scheme skin received a top rating of 1.75, and the other organs followed in the sequence of kidney (2.1), ovary ( 3 . 5 ) , intestine (3.9), liver (4.1), stomach (5.87), and muscle (6.76).
Liver and intestine are reversed in order from that reported in the earlier experiment (Kemp, ' 5 5 ) , but their activity is not greatly different.
DISCUSSION AXD CONCLUSIONS
Both in the rat (Greenberg and Winnick, '48; Tj7innick, Friedberg and Greenberg, '48) and the frog (Kemp, ' 5 5 ; 233 table 1, this paper), kidney, liver and intestine rate relatively high in the order of activity of organs incorporating injected radioactive glycine into proteins, After the onset of vitellogenesis in developing oocytes, the ovary of the frog begins to compete on more equal terms with these active organs.
Of all the organs examined, skin is the most active, and skeletal muscle the least active, with respect to uptake of glycine into proteins of the frog. With the autoradiographic technique used, distinct localization of radioactivity is detectable in the epithelium of stomach and intestine? in growing oocytes in the ovary, and in the epidermis of the skin. All of these are undoubtedly sites of high anabolic activity; but in view of the devious metabolic pathways open to glycine, eg., incorporation into purines (Abrams, Hammarsten and Shemin, '48), one wonders whether autoradiograms of sectioned tissue actually reveal incorporation of the amino acid into protein.
One way to test whether the radioactivity in sections is chiefly due to protein would be to compare Geiger counts made on sections with those made on isolated protein. Such a coniparisoii was made for both ovary and kidney in the present study. Specific activities of the protein in both these organs, obtained from table 1, were arranged in order from the lowest to the highest ,and the order of relative activity recorded in a list opposite the number of each animal. Similar lists Irere made from counts made on sections. The two lists for the ovary, one on radioactivity of proteins and one on sections, were then compared, and similarly the two lists for the kidney. F o r the ovary, 5 of the animals in the lowest 10 with respect to order of activity of proteins were also in the lowest 10 with respect to activity of sections ; 5 in the middle 10 for activity of proteins were also in the middle 10 for sections; and 8 animals were among the top 10 of both lists. For the kidney, 6 animals were in the lowest 10, 6 in the middle 10, and 6 in the top 10 of both lists. Although the correspondence was not perfect, it was better than would be expected from chance alone ; accordingly, it was concluded that total radioactivity of the sections was closely related to the radioactivity of the constituent proteins. Since this is true, it is believed that the uptake of glycine-2-P' in tissues, as demonstrated by autoradiograms, may be used to detect localization of active protein synthesis, even though the test cannot be considered necessarily specific for proteins.
A feature of interest in this study was the relative radioactivity of oocytes at different stages of deposition of yolk. Because of thc variable counts in different animals (table l), animals were compared wit11 respect to the ratio between the count for ovary and that for skin, which usually had the highest count. Among the animals injected on June 25, all of which had oocytcs in stage Po, none exceeded a ratio of 1.0 and only two were above 0.7. I n the group of 8 animals injected on July 9, three animals (10,12 and 15) beyond stage Yo had ratios well above 1.0, although one such animal (8) had a low ratio. All of the 8 animals of the July 23 group had low ratios (less than 0.5) even though three of them had oocytes at stage Y, or Y,. Probably animals of this group were undernourished and therefore not synthesizing yolk rapidly. I n the group injected on August 23, the 5 animals with oocytes at stage Y, o r k ' , all had ratios over 0.7, whereas the two at stage Yo had low ratios. These figures support the conclusion that animals prior to the initiation of yolk deposition incorporate glycine into the oocyte at a low rate compared with that in animals actively synthesizing yolk.
It cannot properly be concluded from these-results that glycine is taken up directly into the yolk platelets of growing oocytes. It is obvious from a comparison of figures 10-13 that uptake continues to occur chiefly in the peripheral cytoplasm even after yolk comes to fill the entire cytosome. ?Ve know that this peripheral active zone of incorporation of glycine coincides with the zone of active synthesis of new platelets (Kemp, '53) . With the autoradiograms now available, however, it is impossible to distinguish whether the radioactivity is within the platelets or in the ground cytoplasm. Active enzymes could well be responsible for most of the uptake detected. It seems probable though that glycine would eventually be incorporated into growing yolk platelets. This could be investigated by injecting frogs with radioactive glycine and then continuing to feed them, whereupon oocytes would grow. If radioactivity were associated with the platelets present at the time of injection, it should in time be detectable in the interior because of the continued apposition of new platelets at the periphery. 1. Forty-two adult female summer frogs were iiljectcd intrapleuroperitoneally with lope or 20 pc of glycine-2-CI4 in distilled water. Animals were sacrificed after 1 to 5 days, and samples of various organs wcre fixed in Bouin's fluid f o r subsequent sectioning or in tricliloracetic acid for homogenization and isolation of proteins.
2. Autoradiograms of sections show that liver, lung, kidney, heart, brain and skeletal muscle incorporate glycine nearly uniformly, in contrast to stomach, intestine, skin and ovary, all of which exhibit distinct localization of uptake. Conspicuously high relative uptake of glycine was detected in mucosal epithelium of stomach and intestine, in epidermis and in peripheral cytoplasm of oocytes synthesizing yolk.
Radioactivity remained chiefly peripheral even in oocytes at stage Y,, in which the cytoplasm was filled with yolk.
3. Specific activities of isolated proteins were higher in animals injected with 2 O~c than in those receiving 10 pc. The average order of incorporation as indicated by Geiger counts was : skin (highest), kidney, ovary, intestine, liver stomach and muscle. Rate of incorporation of glycine increases with growth of oocytes in the ovary. Determinations on ovary and kidney tissue indicate good correlation between radioactivity of isolated proteins and tissue radioactivity as demonstrated by counts made on sections.
4.
It is believed that autoradiograms of tissues incorporating radioactive glycine may be used as a histochemical test to detect regions of active protein synthesis.
5. Experiments of this kind are only very roughly quantitative and certainly cannot be used as evidence of the specific route of incorporation of radioglycine into protein or other high molecular material. Lower molecular weight material would probably not be registered because the material would not be fixed by the particular method used. (table 1) -1Opc of glycine; sacrificed at 4 days. Oocytes at stage Y , when yolk fills cytoplasm. Radioactivity is localized at the periphery. It is evident from a comparison of figures 10-13 that radioactive glycine is selectively incorporated into the active peripheral cytoplasm where ncw platelets are being synthesized.
